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C H A P T E R - 1 
I N T R O D U C T I O N 
Living things are composed of intrinsically inanimate 
molecules. The molecules of which living organisms ar'e 
composed conform to all the familiar laws of chemistry, but 
they also interact with each other in accordance with the 
molecular logic of the living state. Scientists have 
constantly imitated nature, especially, living nature. This 
direction appears cvv^ n more promi-^ing at the present t i-iiie , 
since the artificial tools, materials, or processes, 
developed are not only useful in themselves but, in addition 
provide models which on investigation provide deeper 
understanding of the natural phenomenon. 
Membrane phenomenon is a note-worthy ^ product of this 
philosophy since the transport of materials across natural 
or artificial membranes has captured the interest of 
chemists, chemical engineers and biologists. Chemists and 
chemical engineers would like to understand the mechanism of 
transport so that with the knowledge so gained they would be 
able to fabricate membranes of any desxred property or 
properties to be used to understand the behaviour of complex 
biomembranes in terms of established physicc^hemical 
principles. 
To write a foreward to this series of advances on 
membrane processes might appear to be simple for a person 
who has followed this, field over many decades; he ought to 
know the business. From a view of che field csver the long 
time span of about fifty years, it seems as if the science 
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of membrane permeability has under gone a remarkable 
development. Yet, the main problem and the main motivations 
for the exploration of membrane phenomenon remain very much 
the same as in early days. By and large, the status in 
present days is characterized more by an enormous increase 
of quantitative, theoritical, and mathematical knowledge 
rather than by an increase of basic qualitative "first 
principle". Ofcourse, a few new concepts have been 
concieved - for example, the relatively new science of 
irrversible thermodynamics, which came in to the membrane 
field in the late nineteen forties. 
In the present work, special emphasis has been laid to 
study certain biochemical and thermodynamical properties of 
pericardium based on the laws of irreversible thermodynamics 
by utilising the different theories developed by 
leorell-Meyer and Sievers (TMS) (1,2), Kobatake et al. 
(3,4,5) and Tasaka et al. (6). 
The experimental setup has been shown in fig 1• and 
explained in detail under heading "experiemental". 
Kobatake et al. and Nagasawa et al. developed certain 
theories of membrane potential based on non-equilibrium 
thermodynamics for synthetic membranes, such as ionexchanger 
membranes, bilayer lipid membranes etc. prepared in 
laboratories from various chemical substances. The 
transport of ions across these artificial membranes were 
found to be governed by these laws of irreversible 
thermodynamics. Since the ultimate aim of fundamental 
research is its application in the service of mankind, it is 
natural to examine the apllicability of these laws of 
irreversible thermodynamics to biological system. 
Ussing (7-9) tried to examine the applicability of the 
laws of irreversible thermodynamics with the help of frog 
skin. But the frog skin was too thick to suit' the 
experimental setup developed by Kobatake et al. (3-5)- The 
irreversible thermodynamical studies were not possible on 
isolated cell membranes because, for such studies a thin 
sheet of membrane was required to suit Kobatake et al. 
experimental setup. We therefore, concentrated to conduct 
the thermodynamical studies on pericardial membrane which is 
quite a thin structure and exists betwen these two extremes 
- viz; relatively thick frog skin and inappropriate size of 
isolated cell membrane. 
The characterization of the composition of biological 
membrane and its behaviour will be of great clinical 
significance. The biological membranes, covering various 
cells, tissues and organs, govern the movement of nutrients, 
toxins and other substances across the membrane. Obviously 
studies on pericaridal membrane will definitely form a 
better model as compare to frog skin for studies on 
biological system, and such studies will definit-ely throw-
light on the behaviour of biological membrane as compared to 
artificial membranes. 
Pericardial is a sac like structure consisting of 
fibrous tissues and cells and surrounds the heart. Apart 
from affording support to the heart it also influences 
movement of fluid and other substances in the pericardial 
sac. Pericardium has been used to make bioprosthetic heart 
valves. In many cases, specially in children, pericardium 
gets calcified, thus, limiting the scope of pericardial 
valves. Energy characterstics of pericardium exert profound 
influence on its function by affecting the movement of ions 
and other toxic substances across it. Some of the 
parameters which can be utilised to determine the energy 
characterstics of pericardium, such as, fixed charge 
density, permselectivity, enthalpy, entropy, free energy 
associated with reversible and irreversible' process of 
ther'modynamics, energy of activation, etc., are therefore of 
great importance in elucidating this aspect of pericardium 
characterstic in normal controls and under different disease 
states. Since bovine pericardium will be a very suitable 
structure for cond fting the thermodynamical studies, we 
have confined our studies to examine the surface of the 
bovine pericardium which will be important for its transport 
function. Suitably designed experiments conducted in our 
laboratories have established some of the thermodynamical 
charactei'stics to pericardium. These findings have made us 
to conclude that the biological membranes have both active 
and passive sites for transport. The findings also compel 
us to conclude that the ratio of active and passive sites is 
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not fixed but variable and is influenced by a large number 
of alterations in milieu interior such as changes in metal 
ions, valency of metal ions, pH of bathing fluid, 
temperature, and presence of toxic substanc€;s as well as 
disease processes. 
In the present study we designed and characterized a 
model for the ,=.tudy of active and passive transport by 
characterizing the effect of ouabain on active and passive 
transport in pericardial membrane of bof. bubalis aged 
between l8-24 months. We also characterized the optimum 
dose of ouabain for producing maximum active site blockage 
which was found much lower than the figures quoted in the 
case of intact human red cell membrane and proved the high 
and specific senstivity of pericardial membrane. During the 
course of our studies we obeserved that transpoi't through 
biological membranes is to a great extent influenced by its 
entropy and other thermodynamic properties, because the 
active biological processes as well as passive transport 
across membranes are energy dependent. We also noticed that 
biological membranes are anion selective and positivelv 
charged in contrast to artificial membranes which are cation 
selective and negatively charged. It was also observed that 
the valency of the ions in the bathing fluid influenced the 
membrane potential. The charge density for univalent 
electrolyte are greaxer than those for bi-and trivalent 
electrolytes. Further more, with 1:1 electrolytes solution 
the membranes display more anion selective character than in 
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the case of 2:1 and 3 = 1 eiectroiyte solution. We were 
especially interested in the trace metal composition of the 
membranes and we found that it differed markedly from 
membrane to membrane. 
We determined the active and passive transport 
through intact pericardial membrane and found that active 
and passive sites are not fixed moieties but are 
interchangable under varying environmental conditions which 
will enable the scienctists to conduct further research in 
this field which is hitherto not possible due to lack of 
suitable experimental models. 
In sh^ort, our further plan is to examine the 
biophysical, biochemical and histopathological properties of 
pericardium in other animals" such as rabbit, dog, and 
monkeys in which production of disease state is easier and, 
therefore, the effect of disease states such as diabetes, 
uE£mia, anaemia etc. can be evaluated. We can also examine 
the influece of various drugs such as diurectics, which 
alter the trace metal composition of body fluids, on the 
biophysical behaviour of these membranes. The information 
gathered on the effects of various disease states and stress 
conditions on the thermodynamic properties will be of 
importance in understanding the cell transport in 
pathological conditions including the production of 
malignancies. This study will be of great importance in 
understanding the behaviour of cell under disease states. 
We have also described the diffculties and limitations 
of our experimental model, but the results are significant 
and we hope that the findings of this work will form the 
basis for further research on this important and intersting 
field of irreversible thermodynamics with respect to 
biological membranes. The results have been critically 
analvsed under 'Results and Discussion'. 
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C H A P T E R - 2 
R E V I E W O F L I T E R A T U R E 
2.1. MEMBRANES 
A nieinbrane may be defined as a phase that acts as a 
barrier to the flow of matter or heat. In most cases, with 
the exception of pure liquids and solids, it is 
heterogeneous in structure. It is these heterogeneities 
that give rise to the rich variety of transport phenomenon 
tliat uioCiriguish membrane systems and make Luoiri so iaiportant 
in the process of life and increasingly important in science 
and technology. The term heterogeneous has been used to 
indicate the internal physical structure and external 
physicochemica I environment (10 - 11). The simplest 
conceptual heterogeneity is that of a pore, i.e. a 
discontinuity in a solid impervious ptiase that can allow 
selective transport of some chemical species. In addition, 
recent years hav(^ brought a wide variety of porous membranes 
into technology and prototechnology. 
A "membrane" according to a useful definition, is a 
solid or liquid film or layer with a thickness which is 
small compared to its surface. In the case of ion-exchanger 
membranes, definition encompasses any io -echange material, 
irrespective of its geometrical form, which can be used as a 
separation wall between two solutions. Many common ion-
exchanger membranes are planer disks about 1 mm in 
thickness. 
One very important and fundamental contribution to the 
study of membranes came from Donnan (l2) whose pioneering 
work on membrane equilibria has given quite new dimensions 
to these studies. W. Ostwald (13) in 198O founded the 
electrochemistry of membranes by considering the properties 
of semipermeable membrane, that is, one which is impermeable 
to cercain kinds of ions. The oxectrical potential 
difference on such a membrane is a limiting case of the 
potential difference at liquid-liquid interfaces, when the 
mobility of one kind of ion approaches zero. A small number 
of permeating ions penetrate through the interface and form 
an electric double layer which is the source of electrical 
potential difference. The characterstics and existence of 
Donnan (14) membrane potential could be properly verified 
for porous membranes. Membranes of varying degrees of 
permeability and semipermeability occur universally in plant 
and animal organisms, constituting there one of the 
fundamental devices which regulate the exchange of material 
and, thus, the flux of life. Membranes can thus be 
classified in two types as artificial and biological 
membranes. 
2.1.1 ARTIFICIAL MEMBRANES 
A membrane can be categorized according to whether it 
contains sites for ion-exchange or it is site free and if it 
is an ion-exchanger, according to whether its sites are free 
or mobile and whether the sites and their counter ions are 
associated or dissociated. This type of classification has 
been presented by Eisemann, Sandblom and Walker (IS)* 
ion-exchanger membranes combine the ability to act as a 
separation wall between two solutions with the chemical and 
electrochemical properties of ion-exchangers. Two different 
types of ion-exchanger membranes are in use. They are often 
ca]led "homogeneous" and "heterogeneous" membranes. 
"Homogeneous" membranes are coharent ion-exchanger gels in 
*^ he shape of disks, ribbons etc. Iheir "^l-ructure is that of 
the usual ion-exchanger resins. They are homogeneous only 
in dimension which are large as compared to the mesh width 
of the matrix. "Heterogeneous" membranes consist of 
colloidal ion-exchanger particles embedded in an inert 
binder (polystyrene, polyethylene. wax etc.). Their 
mechanical stability is superior, but their electrochemical 
properties such as conductivity and barrier action are not 
as good as those of the homogeneous membranes (l6). For 
scientific investigations, homogeneous membranes have been 
prefered even in the past because of their more uniform 
structure. 
Transport phenomenon sue' as permeation and membrane 
potential across synthetic membranes have recieved a great 
deal of attention during the last few decades. It has also 
been postulated that the findings of studies on such 
synthetic membranes ma> be transpolated to the biological 
systems. Ibis has farther increased the importance of such 
studies. Complex membranes have been prepared by liquori et 
al^ (17-18). Hays (19). Dekorosy (20), Lakshminarayanaiah 
and Siddiqi (21-22), Saddiqi et al. (23-2?) arvd co-workers 
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(28-3i)- Several authers (32-36) have investigated membrane 
potentials and permeation of salts and evaluated the 
experimental data based on the theory of TMS. Cobatake and 
coworkers (37-40) derived an equation from the data on 
membrane potentials and fluxes of the salt for the charge 
density, mobilities and activity coefficients of ions. 
Dcni_i.sh and Pusch ^'\) ) calculated the membrane potential and 
resistance for binary and ternary electrolyte systems in 
ion-exchanger membranes. 
A study was carried out by Minoura and Nakagawa (42) 
to measure the membrane potentiaJs of poly ( o(^-amino acid) 
membranes. Kinoshita (43) and Vink also measured the ionic 
salt permeabilities and membrane potentials of charged 
polypeptide membranes. Kimura (44), Koh and Silverman (45) 
studied the transport of ions based on heterogeneous 
membrane model. Beg et al. (30-31) and Siddiqi et al. 
measured the conductivity for different artificial 
membranes bathed in different concentrations of alkali 
metal chlorides and evaluated the thermodynamic parameters 
of free energy, enthalpy, enti')py and energy of activation 
with the applicability of the theory of absolute reaction 
rate. Srivastava et al. (40-47), also studied the 
permeability properties of different artificial membranes 
and evaluated the fixed charge density, apparent anion 
mobility and transport numbers of counter ions. Singh (48) 
mc^asured the membrane potentials across ion-exchange 
membrane at different mean concentrations of aquous NaCl and 
11 
B a d boiutions. Kenneth Alonso (49) made an investigation 
about the movement of inorganic saits, amino acid, amino 
acid derivatives and glucose aci^oss ion exchange double 
membrane. Bassignana and Reiss (^ 0) made an useful study on 
the ion transport through one of the interfaces (electrical 
double layer) between an infinitely thin ion-exchanger 
membrane and electrolyte solution. 
Higuchi and Lijima (51) also measured the membrane 
potential and permeability of NaCl in ion-exchanger 
membranes. Benavente (52) measured the membrane potentials 
of cellophane membrane, using different concentrations of 
electrolyte solutions of NaCl, KCl, MgCl and CaCl„ and 
evaluated the charge density of the membrane and transport 
numbers of counter ions by analysing the experimental data 
on the basis of TMS theory. Benavente and Fernandez (53) 
also measured membrane potentials across porous membranes 
and calculated the transport number of cations from 
diffusion equation based on irreversible thermodynamic 
processes. Kikuchi and Kubota (54) observed the active and 
slective transport of K and Na^ in the polyelectrolyte 
complex membranes and suggested that the affinity of the 
carrier, and the changes in both chemical and physical 
properties of these membranes with H ion concentration, 
control the selective transport through them. A theory has 
also been proposed by Ohshima and Kondo (55) for the 
potential distribution across charged mem,lbrane having 
thickness and ionizable groups. The density of membrane 
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fixed charges were determined as a function of potential. 
Tht^  membrane conductance of a micro porous membr'ane was 
studied at different temperature. bathed with same 
uni-univalent electrolyte solutions, at different 
temperature (56). 
Siddiqi (57) and Michalov (58) applied the recently 
developed theories based on the principle of irreversible 
thermodynamic for evaluation of structural and transport 
properties of artificial membranes. Kaibara and Kinizuka 
(59) examined the scope of non equilibrium thermodynamics in 
membrane transport. Interionic correlation between 
permeating ions were quantitatively estimated by applying 
the membrane permeability theory to the system where the 
NaCl and CsCl solution phases were divided by synthetic 
cation membrane. Uragami (60) studied the active transport 
of organic ions and amino acids through the artificial 
membranes under various conditions. When a membrane 
seperates two electrolyte solutions with a common anion but 
V. h different cations at the same equivalent concentration, 
the membrane potential thus generated between the two sides 
of the charged membrane is called bi-ionic potential. 
Tasaka (6I) have proposed a theory for the salt 
concentration depending upon the bi-ionic potential based on 
the principle of non-equilibrium thermodynamics. Acerrete 
(62) and Tasaka (63) studied the behaviour of cation 
exchanger membrane in bi-ionic system formed by pairs of 
alkali ions and measured the bi-ionic potential. 
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2.1.2 BIOLOGICAL MEMBRANES 
The living cell is the fundamental unit of biological 
activity and the membranes are conspicuous feature of cell 
structure, to which it serves not only as a barrier 
separating aquous compartments with different solutes but 
also as a structural base to which enzymes and transport 
systems are firmly bound. 
Among the biomembranes, the simplest membrane system 
is myeleir and a second class membrane is plasma membrane, 
made up of proteins and lipids and has many enzymatic and 
transport functions (6S). There are also a group of 
membranes having specific functions, such as, the plasma 
membrane of bacterial cells and inner membrane of 
mitochondria. Natural membrane structure is related to 
structure and properties of lipids and proteins. Rouser 
(66) gave a detailed quantitative and molecular composition 
of a variety of erythrocytes, mitochondria, brush border 
fragments, retinal rod's outer sacs and plasma membranes of 
adaptable micoplasma group of organ cells. 
2.1.2.1 COMPOSITION OF BIOMEMBRANES 
Biological membranes are composed of mainly lipids., 
proteins, and carbohydrates in variable proportions. Sugar 
residues are attached to either lipids or protein components 
or both. Several models have been proposed by workers 
- 14 -
(67-71) to describe the molecular organization of these 
consitituents in biomembranes, starting from unit membrane 
theory to "Fluid Mosaic Model". Most of the biological 
membranes contain about 40 percent of lipid and 60 percent 
protein, but there is also a consLdcrable variations. The 
membrane protein can be classified into two categories. The 
extrinsic or peripheral proteins are loosely attached to the 
membrane surface and can be easily removed in soluble form 
by mild extraction procedure. The intrinsic or integral 
proteins, which make up 70 percent or more of the total 
membrane protein, are very tightly bound and can be removed 
only by drastic treatment (71)- fhe lipids of biomembrane 
are Largely polar in nature, phosphogiycerides predominates, 
with much smaller amount of splingo-Lipids and cholestrol. 
In fact, alL the polar lipids of the cells are localized in 
their membranes. Plasma membrane of animal cells contains 
much cholesterol, both free and esterified. Phospholipids 
occupy interfacial space in the membrane but do not 
contribute to surface of fixed ions and give rise to 
electrostatic field extending into the surrounding 
electrolytes. The magnitude of i iie potential at a plane of 
fixed ion groups can be given by Gouy-Chapman equation, 
analogue to Donnan potential. This potential arises because 
the counter ions to the plane of fixed charge are mobile and 
their conccrtration close to the plane, will be always less 
than that of fixed ions. 
- 15 
The other group constituting the membrane are 
glycoproteins, glycolipids and proteoglycans. Sialic acid, 
a component of glycoproteins and glycolipids, has been found 
to vary greatly in a number of pathological conditions. The 
animal glycolipids are vital for blood group typing, 
antigenicity as well as in many metabolic disorders (72). 
Proteoglycans constitutes a variety of polysaccharide 
components generally consist of repeating disaccharide 
sub-units, of the same or different types. Proteoglycans 
exhibit one of the most exquisite structure function 
relationship in membranology due to the complex and elegant 
special and chemical arrangements of molecular component is 
biopolymers (73)- The major proteins present in the 
connective tissue are collagen, elastin and proteoglycans. 
2.1.2.2 PERICARDIUM 
The pericardium is the outer most covering of the 
heart. It is composed of an outer layer, the fibrous 
pericardium and an inner layer, the serous pericardium (74)' 
The fibrous pericardium is connected to the diaphragm by a 
loose fibroug diaphragmatic attachment and to the sternumly 
the sterno-pericardial ligaments. The serous pericardium 
consists of a parietal and visceral layer. The parietal 
layer, is contiguous with the fibrous pericardium and is 
seperated from the visceral layer, which covers the muscular 
wall of the heart, by the pericardial cavity. 
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The soft callagenous tissues consist predominantly of 
collagen, elastin, ground substance and water. Collagen is 
a polypeptide chain which when organised into fibers, and it 
is thought to dominate the structural integrity and gross 
mechanical behaviour of the tissue. Elastin is a globular 
rather than helical protein. Four lysine-derived units join 
to form the four pronged desmosine link that ties four 
elastin polypeptide chains together. I'he ground substance 
consists of mucopolysaccharide, glycoproteins and soluble 
proteins and accounts for less than 1% of the total tissue 
weight. Bovine pericardium in its natural state consists of 
76% by weight of water {7S)- Almost all of this water is 
unbound. 
2.1.2.3 FUNCTION OF THE PERICARDIUM 
Pericardium has recieved great significance during the 
last several years because of their useful role in 
production of cardiac valves (76-77)' These are constructed 
from the combined outer layer of the serous pericardium and 
the fibrous pericardium. The bioprosthetic valves are 
expected to prove superior to artificial valves because 
these do not require long term anticoagulant therapy. Under 
normal conditions the pericardium with its fluid lubricates 
the moving surfaces of the heart, holds the heart in a fixed 
geomijtric position and isolates the heart from other 
structure in the thorax, thus preventing adhesions and 
spread of infection. It also serves tlie following 
- 17 -
functions; (l) prevents dilatation of the heart chambers 
and insures that the Level of transmural cardiac pressures 
will be low, never exceeding a few mm Hgj (2) prevents 
hypertropliy of the heart under conditions of strenuous 
exccrcise; (3) limits right ventricular stroke work under 
conditions of increased left ventricular out flow 
rcoii>Lcince; (4) prevents ventricularatiai regurgitation 
under conditions of increased ventricular end-diastolic 
pressures; (5) in association with the lungs and tissue 
surrounding the pericardium, it facilitates the filling of 
the atria by the development of negative pericardial 
pressure during venticular systoli; (6) responds to nerve 
stimulation and reflex by affects blood pressure and heart 
rate; and (7) in association with the pleural fluid 
constitutes a hydrostatic system that autometically applies 
compensating hydrostatic pressures on the outside of the 
heart when gravitational or inertial forces acting on the 
heart are altered during acceleration. 
Functions that various scientists have attri;;uted to 
the pericardium inc I ide prevention or over dialatation of 
the heart (78,79-54), protection of heart from infection and 
from adhesions to surrounding tissues, maintenance of tlie 
heart in a fixed geometric position with in the chest, 
regulation of the interrelations between the stroke volumes 
of the ventricles, and prevention of right ventricular 
regurgition when ventricular diastolic pressures are 
increased. 
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2.1.2.4 THEORIES OF MEMBRANE POTENTIAL 
The applicability of physical chemistry to the 
biological membranes phenomenon is gaining importance 
because of their properties to affect the transport of 
material from one side to another. A number of theoritical 
approaches- have been given in this respect e.g. irreversible 
thermodynamics approach. activation barrier kinetic 
approach, phenomenalogical equation of motion approach. An 
extensive review of literature on early development in the 
i'ield of these approaches in synthetic membrane was given by 
leorell, Sollner and Sievers. Recent contribution in this 
field has been made by Kobatake et al. (3-S) and Nagasawa 
(3 5) with the pronouncement of their membrane potential 
theories. 
The electrical potentials arising across the membrane 
separating two electrolyte solution of different 
concentrations are usually measured by contributing to a 
cell of type as depicted in the chart gi\en below : 
Reference i Solution 
Electrode ' 1 
I 
I 
Electrode 
Pot ential 
I 
I 
Membrane i Solution 
t 2 
I 
\ 
R e f e r e n c e 
E l e c t rode 
Donnan 
P o t e n t i a l 
Donnan E l e c t r o d e 
P o t e n t i a l P o t e n t i a l 
I 
Diffusion ' 
Potential ' 
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The refernce electrode may be reversible electrode, either 
Ag-AgCl in chloride solution or calomel electrode connected 
to the solution via KCl-agar bridges. In the case of 
calomel electrode, cell potential gives the membrane 
potential directly (liquid junction potential being 
ignored). Ihe magnitude and sign of the potentials depen''! 
upon the nature of the membrane and permeating species. If 
membrane carries no fixed charges then the magnitude of the 
potential would be like a liquid junction potential, where 
as, if the membrane have some fixed charges, then the 
magnitude of the potential would be determined by the 
concentration of the external electrolyte and its sign by 
the nature of the fixed charges. Various theories have been 
proposed from time to time to account for permeability 
phenom'non in membranes. 
leorell - Me\er (l) and Sievers [2) profounded the 
theory of membrane potential based on the fixed charge 
concept. Within this • -'ory, it is assumed in essence that 
the walls of the pores of the membrane carry internally a 
definite number of potentially dissociable groups, which is 
an integral part of membrane structure. This theory is 
known as TMS theory. The membrane potential iS due to the 
sum of two Donnon potential in each membrane solution 
interface plus a diffusion potential within the membrane. 
[f fixed charges in the membrane is uniformlv distribvAted 
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and, in the case of dilute solutions, activities ai'c 
substituted by concentrations, so the following final 
expression is obtained for the membrane" potential Em (5-2). 
Em 
RT ,, , ""Z ,, , (X^+ 4 Co^)^ + X 
-jr- W In TT- W In • ^ i. ' 
^ (x^ + 4 C) )2 1 X 
9 i '_ 
wux U li 
(X" + 4 C2")^ 
(X^ + 4 C, ")2 
(1) 
Cj WUX 
Here W = +1, or -1, for anionic or cationic membranes 
respectively. X is the fixed charge density in the 
membrane. Besides we use the parameter. 
U = (D^ - D_)/(Z D + Z_ D_) 
Where D and D are diffusion coef f 3 •'~ ients of cation and 
anion, L and Z , their valencies, respectively. C and C^ 
are the concentrations of the solutions separated by the 
membrane. R is the gas constant and F is the Fa' iday 
number. Different approximations can be made in equation 
(1), which depend on the fixed charge density value X, (85)-
(i) If X" > > C| . then 
R T 
Em = + -^ ^ In C^/C, 
- F - s > ^^  ( 2 : 
In this case, Ner7i«>:('s equation is obtained for t-he membrane 
potential. 
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(ii) If X <:< Cf , then 
Em 
RT 
F 
In C^/C^ , C2 > C^ (3) 
i.e. a linear relation between Em and In C„/C has been 
obtained, where, U is proportional to the slope of this 
straight line. 
Since the transport number for a simple salt can be 
expressed as: 
t = Z D / ( Z D - Z D ) , t = Z D / ( Z D - Z D ) 
+ + + + + - - - - - - - + + 
the factor U can be written as U - (t AZ \) - (t AZ \) (4) 
From equations (3) and (4), membrane potential for each kind 
of electrolyte results as follows: 
For 1:1 electrolyte: 
Em 
RT 
F 
[(Zt^ - i;0 In 
C. (5; 
For 2:1 electrolvte: 
Em 
RT 
F 
3t 
')] Ln (6) 
For 3:1 electrolvte 
Em = -=:— RT 
F 
4t 
•- J 
)| In ( 1 ) 
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The study of membrane potential for different concentrations 
allows the membrane fixed charge density and the variation 
of transport number of counter ions within the membrane to 
be determined as a function of the exterior salt 
concentration. Recently, Kobatake et al. (3 - 5) expressed 
the electric curr-ent density (1 ) relative to the fr'amc of 
c 
reference fixed to the membrane. 
I ^ F (1 C + 1 C 
c + + - -
dE 
dx 
- RT 1 C [ . „ — In a + + d X + 
I C 
- — In a 1 + F (C - C ) Urn 
dx - J + -
(8) 
here E is the electric potential, C and C are the 
+ 
concentrations of positive and negative ions in moLes per 
cubic centimeter in solution, a and a are the activities 
+ 
of -ve and -\e ions in moles per cubic centimeter of 
solution, 1 and I are the molar mobilities of -ve and -ve 
ions defined i ri terms of mass fixed frame of reference, Urn 
is the velocity of local centre of mass, R, T and F have 
their usual meanings. 
For the evaluation of Um the viscous force acting on 1 
cubic centimeter of soluoion the membrane is represented by 
I—-—,1 Um, where K is the cor;stant and depend on the 
K 
viscosity of the solution and structure of membrane. The 
same volume of solution undergoes on electric field which is 
represented by 
23 -
- F (C^ - C ) (^) (9 
+ - dx 
In the steady state the sum of these two forces is zero, so 
that Urn = -KF ( C - C ) ^ (10) 
+ - dx 
Kobatake et al. (3-5) considered a membrane which is 
negatively charged and has charge density 0 (in moles/cc). 
Then the requirement that the electric neutrality must h<> 
realized in anv element of the membrane gives the relation. 
C - C = 0 (1 1 ) 
+ 
Since, m the system no electric field is applied externally 
across the membrane, no net charge is transported from one 
side o£ the membrane to other. This means that Ic must be 
zero at a cross ::,ection or the membrane. Substituting 
equation (11) and (10) into equation (S), keeping Ic equal 
to zero, and solving for dE/dx, the following expression is 
obtained. 
~ = ~|^ ri (C + Q ) ( ^ In a )- I C i - ^ In a »]---(l2) dx r ~ -r dx +_ - _ - dx - -• 
CI,- JJC4- IB + ^^e^ " ~^ 
somce. activities a and a are known as a function of C 
It was assumed that 
a = c and a ^ C -(13) 
24 -
y . = c_ . 0 • Y-
f- , 1 (14) 
whereby and-.y ai'e the activity coefficients of the +ve and 
-ve ions in the membrane 
Membrane Potential equation 
With the inclusion of equation (13) and (14), equation 
(12) becomes: 
RT (1^ - 1 _) C + 1^ e dC_ 
£^ . _ (___j (_-_) 
F [(1+ + 1_) C_ + 1^ e + KFe^] C_ dX 
- - ( 1 5 ) 
when the bulk solution on the both sides of the membrane are 
vigorously stirred, no potential gradient is set up in them, 
so that the desired membrane potential Em is obtained by 
dE 
integrating — over the thickness of the miembrane. The 
dx 
final expression for membrane potent il was given as under: 
-T 1 C^ 1 CC2 +'^ e^) 
F ^ = - (-) (-a- in - ) - (1 + - - 2^ ) X In "^'^• 
^ ^ F "^  q ^ CCi +^ Ae) 
where /^ - 1 / (I^ - I_) (17) 
and p = 1 . (Mi) (18) 
Here, 1 and I are the mobilities of the po-iitive and the 
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negativ(j ions, respectively defined in terms of the mass 
fixed 1 rame of reference, K is a constant, 0 is the charge 
density and F is the Faraday constant. These parameters are 
found to be independent of salt concentrations, C^ and €„ • 
Kobatake et al. (3) have derived tvvo useful limiting forms 
of equation (l6). when C^ become^ sufficiently small with'y 
tixed; equation (lo) may De expanded to given equation 1.1b) 
C 
Em 
where!Em I F(Em) 
1 ^ - y - ^ (1 . J _ _ 7 ^ ^ ^ ---fi8) In^ d py (1 P 
- 2 ^ ) 
•--(19) 
r • R T 
It has also been shown by Kobatake et al. that at a fixed'^, 
the inverse of an apparent transport number (t -, of colon 
app) 
species in a negatively charged membrane is proportional to 
the inverse of the concentration C„ in the region of high 
salt concentration. Here t is defined by the relation: 
app 
I n _ I ; Em U - 2 T ) In 7;^  
app C, 
(20) 
Substituting for Em from equation (I6) and expanding the 
resulting expression for 1/* in powers of l/C„ gives 
' app ^ 2 
equation (21). 
1 (1 - p - 2 p ) ( y - 1 ) <x Q , o 1 
app 2 (I -oC)^ Iny C, 
Kobatake et al. (3-5) have proposed a simple method using 
the following approximate equation for x/he diffusi\e 
contribution to the e.m.f. of a cell with trans^port. 
Em = - ^ (1-2 I ) In TT^  (22 
F - app C 
where T is the transference number of ions in the 
app 
membrane phase. 
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2.1.2.5 TRANSPORT STUDIES ON PERICARDIUM 
Abundance of literature is available on membrane 
transport which speaks volumes of its importance. It will 
be too extensive to cover the extensive literature available 
describing the various studies on pericardium. Experiments 
on nerve, muscle, frog skin, red blood cells, and cells from 
a number of other tissues have shown that Na is 
transported from the cytoplasm to tiie interstitial fluid 
against an electrochemical gradient. By the definition 
given by Ussing (105), this is called active transport. A 
transport against an electrocliemical gradient requires 
energy, and it has been shown by experiments on nerve 
(106-107) and on red blood cell membranes (lOS-llO) that the 
energy for active transport of Na comes from adenosine 
triphosphate (ATP). The active transport of Na is 
dependent on the concentration of K in the extracellular 
fluid, and there seem.s to be some kind of a coupling between 
the active outward transport of Na^ and inward transport of 
K (110-113). The transport system must atleast fulfill 
the following requirements. It should, (1) be located in 
the cell membrane, (2) have an affinity for 'Na ' that is 
higher than for K^ at a site located on the- side of the 
cell membrane, (3) have an affinity for K tihat is higher 
than for Na at a site located on the outtside of the 
membrane, (4) contain an enzymr; system that cam catalyze the 
hydrolysis of ATP and thus conver't the energy from ATP into 
- 27 -
a movement of cations, (5) must be capable of hydrolyzing 
ATP at a rate dependent on concentration of Na inside the 
cell and also on concentration of K outside the cell and 
(6) be found in all cells in which an active, linked 
transport of Na and K occurs. 
J.C. Skou (114) discussed the enzymatic basis for 
active transport of Na and K' across human red blood cell 
membrane and indicated that the enzyme system is involved in 
the active transport of Na and K across the cell 
membrane. Fasih A. Siddiqi and Naved 1. Alvi (115), 
discussed the transport studies with model membrane by 
making use of equations of irreversible thermodynamics. S. 
Sheela Santha Kumari and P. Radha Krishna Murty (II6) 
inplemented the irreversible thermodynamics on ion transport 
in biological membrane and explained the mechanism of 
transport of alkali metal ions in nerve cells, rest 
potential, action potentials, mechanism of nerve conduction, 
ionic channels and ionic pumps. 
Jing S. Chen and Mackenzie Walser (IOC) calculated 
the passive ion fluxes across toad bladders maintained as 
sacs, by eleminating active sodium transport with sufficient 
ouabain (1.59X10 "^  Mj . Transport numbers were obtained from 
unidirectional isotope fluxes measured at Omv and lOOmv. 
Conductance measurements in t-he experiment iredicated that 
sodium transport is .facilitated by (or coupled with) 
- 2i 
transport of chloride and/or phosphate. Bicarbonates 
apparently contribute substantially to passive conductance. 
Tushar K Ray and Ranjan Chakrabarti (101) discussed the 
regulation of active transport of monovalent cation across 
the animal cell plasma membranes by cytosolic regulatory 
proteins and enabled us to clear that the transport of 
monovalent cations such as Na , K and H acro'-;s the 
plasma membranes plays crucial roles in the function and 
survival of the animal cells. 
Amira Zeevi and Rimona Margalit (102) studied slective 
transport of Li across (LBM) mediated by an ionophore of 
Novel design (ETH 1644) and proved that the rate-limiting 
step in the overall transport process is the diffusion of 
the carrier/ion complex across the membrane. Neena 
Mahadevan & Mrs. Uma Sharma (117) explained the phenomenon 
of transport of alkali metal cations through liquid membrane 
using non-cyclic synthetic ionophores and discussed the 
relationship between the structure and transport ability. 
Ken Iseki. Mitsuru Sugawara, Nobutaka Saitoh (li?) 
demonstrated the transport mechanism of organic cations 
across rat intestinal brush-border membrane. G.W.F.H. 
Borst-Pauwels (05) showed that mutual interaction of ion 
uptake and membrane potential is a considerably complecated 
phenomenon when ion uptake is accompanied by a 
depolarization of the cell membrane. 
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C H A P T E R - 3 
M A T E R I A L S A N D M E T H O D S 
3-1 BIOPHYSICAL STUDIES : EXPERIMENTAL 
The pericardial membrane of buffalo (Bof. bubalis) 
aging between l8-24 months was taken out from the local 
abattoir and immediately submerged into ice cold Ringer's 
solution (86,87) of pH 7-4 + 0.2 for the preservation of the 
membrrfne <-issues. I he Ringer's S'Aution contained (in gm/L ) 
NaCl : 9.00. KCl : 0.42, CaCl^ : 0.24, Glucose : 1.00 and 
NaHCO^ : O.I5. 
3 
APPARATUS AND EXPERIMENTAL METHODS 
The diagram of the apparatus used in the measurements 
of membrane potentials is shown in Fig.1. It consisted of 
two half cells. The vertical female joints' y and y' 
attached to each half cell provide for introducing the 
electrolyte solution and the saturated calomel electrodes 
(S.C.E) X, and \,, ,^ ,, ^ ,. ^  • ^  ^ 
1 2. The cell was divided into two 
symmetrical compartments by a water-tight memebrane which 
was placed between th' brins of these two cell parts. Both 
the solutions were stirred vigorously. 
MEASUREMENT OF MEMEBRANE POTENTIAL 
The pericardial msmbrane was washed three times with 
deionized water to remove traces of Ringer's solution prior 
to recording the membrane potential. The membrane was then 
cut into disc type and installed between two flanges of 
30 

pyrex gla&s cell of the apparatus^. Ihe thickness of the 
membrane ia> 0. 1 b + 0.01 cm and effective cross sectional 
area fitted into the glass cell are 3-02 cm . The potential 
develop ed bv setting up a concentration cell of the type 
described by Sollner and Gregor (88), Marshall and Ayers 
(89) and Machaelis (90) was taken as a measure of membrane 
potential by using a pye-prec Ls,ion vernier potentiometer 
(No. 7568). 
The cell assembly was immersed in a thermostat water 
bath maintained at (25 ± 0. 2 )*(i with constant stirring. The 
solutions filled in both the hali cells were vigorously 
stirred by a pair of magnetic stirrer. The electrochemical 
cell of the type (A) was set up for the membrane potential 
measurement. 
5.C.E Solution Membrant Solution 
Co 
S.C.E 
(A) 
Where S.C.E is standard calomel electrode. The 
electrolytes e^iployed here were solutions of several 
concentrations of analytical grad( (B.D.H, India), 1:1 viz. 
i\aCl, KCl in deionized water. Ihe electrolyte employed here 
• ^ 1 
to block active Na /K transport was G-strophantin having 
molecular formula C„p, H.. 0,„ Q,, „ . , . . , 
29 44 12. oH„ 0 m deionizcd water. 
The same electrolyte with different concentrations was used 
on both the sides of the membrane. The dilute side of the 
solution was taken as negative. Different concentrations of 
ouabain are used on the dilute side of electrolytic 
concentration and a concentration of ouabain is selected 
which inhibit Na /K active transport most significantly. 
_ n 
This selected concentration Axl 0 M) is used for both the 
1:1 electrolytes (KCl, NaCl) with different concentrations 
in the above stated manner. 
Freshly obtained pericardial membranes were used for 
potential measurements with each of these electrolytic 
solutions. The experiments were repeated a number of times 
with freshly prepared solutions of each of these 
el ect-rolyt es and the maximum, potential (potential after 
blockage) and normal potential values thus obtained were 
recorded. 
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C H A P T E R - ^ 
R E S U L T S A N D D I S C U S S I O N 
The transport occurmg across the artificial membrane 
IS a passive phenomenon i.e. it does not require any living 
force to control trasnport activities of metal ions. 
Transport is, therefore, totally governed by physical 
forces. Kobatake et al. (3-5) derived the equation (16) for 
membrane potential which arises between two solutions of 1:1 
electrolytes of different concentrations, C-, and C„ (C^>C-, ) 
that are sepeiacca hy a membrane. Tor an^ alys^ s of the data, 
equation (16) can be used under two sets of 
conditions-namely m the dilute range and in the 
concentrated range-hence the two limiting forms of the 
equation (16) i.e. equation (18) and equation (21) 
respectively have been obtained. The values of membrane 
potential (Em) measured, when the concentrated side and 
diluted side were hooked upto the positive terminal and 
negative terminal respectively, suggested that pericardial 
membrane is positively charged and is anion sele"txve. 
In contrast to tr.e above phenomenon, transport -chrougn 
biological membranes depends upon active forces i.e it can 
maintain gradients of metal and non-metal ion forces across 
the membrane. A certain amount of energy is required for 
this purpose. As a result a potential difference between 
mside and out side of tne Diological cell is maintained at 
-9 0mv. Tnis phenomenon is known as active transport. That 
both active as well as passive transoorts occur a^cross the 
biological membranes is well known. However, the 
33 -
quantification of the two types, of transport in biological 
tissues has not been done. It is important to quantify the 
two transport mechanisms m order to understand the 
behaviour of biological membrane under changing internal 
environmental milieu. Schatzmann (122) showed that cardiac 
glycosides m low concentrations are specific inhibitors of 
cation transport. I'-'is has bcci confirmed by a number of 
other investigators "Glynn 119; Kofoed-Jonsen (123); Whittam 
(124); Bara^as-Lopez, Carlos, Huizmga (99)". This effect 
has been used to distinguish between active and passive 
transport of cations across the semipermeable membrane. The 
effect has been observed m different tissues such as intact 
human red cell, neural tissue, amphibian skm, etc. 
However, the use of pericardial membrane, for examining the 
effect of ouabain on active and passive transport, nas not 
been reported earlier. 
Arif er al. (125-129) first reported that pericardial 
membrane can form an easily accessible, simple, cheaper 
method for studying thermodynamical properties m bic_^gical 
system empioymg the -equations developed by Kobatake and 
kamo, N. the results have been confirmed xn several papers 
from tne same group of investigators. Because of the 
advantages of tais model, the same has been utilised to 
examine tne effects of ouabain on active and passive 
transport across the biological membrane. The present study 
IS, therefore, the first attempt to examine the effect of 
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ouabain on active and passive transport m pericardial 
membrane. 
The previous studies (91, 96-97 etc.) on the effect of 
ouabain on blockage of active transport have shown that the 
sensitivity to cardiac glycosides for enzyme systems differs 
m different tissues of same animal and same tissues of 
different animals. The concentration of G-Strophantm that 
gives half maximum inhibition of the active transport m 
— R 
intact human red cell has been reported to be 3-7X10 M 
(114), while m case of toad bladder it is 1.89X10~^M. The 
concentration of G-Strophantm which produces half maximum 
inhibition of active transport in pericardial tissue has not 
yet been determined. 
When different concentrations of ouabain were added ro 
the side with lower cc -^centration of electrolyte (C-, ) and 
the values of blocked membrane potential (Em, ) recorded 
D 
across the pericardial membrane seperating different 
concentrations of 1:1 electrolytes (Table 1-2) and measured 
m.embrane poatentials were plotted against the different 
concentrations of Duabam, it was found that the membrane 
potential increases with increase m the concentration of 
ouabain (fig, 1-4, 6-9). The maximum value of potential was 
observed at the ouabain concentration of IXIO'^ M^- This shows 
tnar rhe maximum i ihxbition of active transport iit'as achieved 
at this concentration of ouabain. With further increase .n 
37 -
Membrane Potential (Em) in mv 
-14 
C 2 / C T ^ = 1 / . 1 M 
-13 
-12 
-11 r 
-10^ J L J I I ! L ff v' rrf 
Molar concentration of Ouabain 
Series A 
Fiq-l : Plots of observed membrane potential (Em) against 
different molar concentration of ouabain for KCl 
with pericardium membrane. 
Membrane Potential (Em) in mv 
-20 
C^/C-j^ = . 5 / . 05 M 
-19 
-18 
-17 
-16 
-15 
-14^ J L ! I ! I J L 
10 10^  itf 
Molar concentration of Ouabain 
~^~ Series A 
Fig-2 : Plofes of observed meiiDrane poter-tial CEm) against 
different molar concentratior of ouabain for KCl 
with pericardial membrane. 
-25 
-24 
-23 
-22 
-21 
-20 
-19 
-18 
Membrane Potential (Em) in mv 
i6" € 10^  
Molar concentration of Ouabain 
Series A 
Fig-3 : Plots of observed membrane potential (Em) againsi 
differ en-, molar concentration of ouabain tor PCI 
with pericardial membrane. 
- 3 0 
-29 
'28 
-27 
-26 
-25 
-24 
-23 
-22 
Membrane Potential (Em) in mv 
I . I I 
10^^ 10 7 
-2 
10 
Molar concentration of Ouabain 
Series A 
P]ots of observed niombrane potential (Era) against 
different molar concentration of ouabain for KCl 
with pericardial membrane. 
Fig-4 
Membrane Potential (Em) in mv 
10 -7 -2 10 10 
Molar concentration of Ouabain 
Series A Series B - ^ Series C ^ ^ Series D 
{C^/C^ = l/.l), (C2/C^= .5/.05), (C2/C-^ = .2/ .Ql) AC^/C^= .1/ .Ql) 
Fig-5 : Plots of observed membrane potential (Em) against 
different molar concentLation of ouabain for KCi 
with pericardial membrane. 
M 
-17 
Membrane Potential (Em) in mv 
C2/C-j^ = l / . l M 
-16 
-15 
-14 _ i _ ^ i_ I _ i I I I I I ! 
-13 -7 -2 
10 10 10 
Molar concentration of Ouabain 
Series A 
Fig-6 : Plots of observed membrane potential (Em) agajnbt 
different molar concentration of ouabain for liaC] 
with oericardial membrane. 
Membrane Povential (Em) in mv 
10^  10' 10" 
Molar concentration of Ouabain 
Series A 
Fig-7 : Plots of oDservea membrane potentail (Em) against 
different molar concentration of ouabain for NaCl 
with pericardial membrane. 
Membrane Potential (Em) in mv 
Molar concentration of Ouabain 
Series A 
Fig-8 : Pjcits of observed membrane potential (Em) against 
different molar concentration of ouabain for NaCJ 
vvjth pericardial membrane. 
Membrane Potential (Em) in mv 
10 10 10 
Molar concentration of Ouabain 
Series A 
Fig-9 : Plots of observed membrane potentia] (Em) aga:nst 
different molar concentration of ouabain for NaCl 
with pericardial membrane. 
Membrane Potential (Em) in mv 
«43 
-41 
-40 
-39 
-38 
-37 
-36 
-35 
-34 
-33 
'32 
-31 
-30 
-29 
-28 
-27 
-26 
-25 
-24 
-23 
_22 
-21 
-20 
-19 
-18 
-17 
-16 
-15 
M 4 
I^ ACC No. 
„ Q — B - ^ 
.^<—%—^^--^ 
Molar concentration of Ouabain 
(c^/c-L^ 
Series A Series B Series C ^ 3 - Series D 
l/.l), (C2/C3^ = .5/.05), (C2/Cj^ = .2/.02), (C^ /C-^ ^ .l/.Ol) M 
Fig-10 : Plots ot observed membrane potential (Em) against 
different molar concentration of ouabain for NaCl 
with pericardial nembrane. 
ouabain concentration, the membrane potential started 
decreasing and achieved the lowest value at ouabain 
concentration of IM. This is quite significant because 
blockage of active sites by ouabain will hinder the movement 
of CI ions across a cell membrane. It is hypothetically 
possible that the normal positive charge m biological 
membrane r^ ay herone -^ eutral or membrane m.ay even hecomf^ 
negatively charged when the active sites are completely 
blocked. Thus the membrane may attain the situation of 
depolarized state of normal biological membrane and attain 
the properties of artifical membrane. The situation further 
becomes complex with the possibility of free transfer of 
active sites into passive sites and vice-versa and also by 
the effect of electrolyte concentration on availability of 
active sites and other physico-chemical properties of 
biomembrane. 
Concentration of G-S.rophanr-n that produce half maximum 
inhibition has been found 1 X 10 M m this study This value 
JS much lower than the figures quoted m the case of intacr 
human red cell membrane (114). This s not surprising since 
It IS known that cardiac tissue, and probably so the closely 
related pericardial membrane, has high and specific 
sensitivity to cardiac glycosides. It 3s for this reason 
that ouabain and related compounds are designated as cardiac 
(i.e. heart) glycosides. This fact explains the high 
sensitivity of pericardial membrane to ouabain m producing 
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Table 3 
Pericardial membrane potentials at different concentrations for uni-univalent 
Electrolyte (KCl) with and without ouabain at 25°C 
SNo. Concentrations Total Potentials Blocked Concentration 
C /C potentials with potential of ouabain 
(moles/litre without 1x10 m in mv used for max. 
ouabain ouabain inhibition of 
Em(mv) Em potential 
B 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
1x10°/1x10 ^M 
-1 -2 5x10 /5xlO M 
2x10~''/2x10~ M 
IxlO^^/lxlO'^M 
5x10~^/5x10~ M 
2x10"^/2x10"'^M 
1x10"^/1x10~ M 
10.25 
14.31 
18.27 
22.38 
27.60 
28.31 
29.67 
13.31 
19.25 
24.38 
29.26 
36.2-1 
41.38 
44.37 
3.06 
4.94 
6.11 
6.88 
7.61 
13.07 
14.70 
1x10~ M 
1X10~''M 
1x10~^M 
1x10~ M 
1x10~^W 
1X10~''M 
1x10~^M 
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Table 4 
Pericardial membrane potentials at different concentrations for uni-univalent 
Electrolyte (NaCl) with and without ouabain at 25°C 
SNo. Concentrations Total 
(moles/litre 
Potentials 
potentials with 
without 1x10 m 
ouabain ouabain 
Em(mv) Em 
B 
Blocked 
potential 
m mv 
Concentration 
of ouabain 
used for max. 
inhibition of 
potential 
1. 1x10° /1x10 M 14 .60 
2 . 5x10 VbxIO M 20 .38 
3. 2x10 72x10 M 26.25 
4 . 1x10 V l x l O ^M 32 .27 
5. 5x10 /5xir M 39.23 
6. 2x10 72x10 '^M 41 .37 
7. 1x10~^71x10~'^M 4 2 . 3 0 
16.38 
24.25 
33.27 
^2.48 
52.23 
57.27 
58.47 
1.78 
3.87 
7.02 
10.21 
13.00 
15.90 
16.17 
1x10 M 
1x10~ M 
1x10 M 
1x10 M 
1x10 M 
1x10 M 
1x10~^M 
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with p e r i c a r d i a l membrane. 
inhibition of active transpoit, as against the higher 
concentration of cardiac glycosides required to inhibit 
active transport across red cell membrane. 
The membrane potential data obtained with and without 
ouabain were denoted by (Em, ) and Em respectively with the 
pericardial membiane. Em; and E"^  -^ crc plotted ab a function 
of log (C-^ + C2)/2 with the ratio of C2/C, fixed at 10. 
Figures (11,12) show plots of Em and Em^ vs Log (C, + 0^)72 
b -" 1 z 
Figure (13) is a combined representation of plots of log (C-, 
+ €2)72 vs Em and Em, with the uni-univalent electrolytes. 
It IS obvious from these figures that as the values of log 
(C-, + C2V2 increase the membrane potential, i.e Em and Em, 
decreases after an initial increase. The above stated 
pnenomenon can ce ^ell understood in the sense tnat t^e 
conductivity of 5-rc-c electrolyte is a funct^o^^ of 
concentration. Furtner more, as the conductivity increases 
the potential of the membrane decreases and vice-versa. 
Table (3-4) sumjpar_zes the results with the good resemblance 
of above stated co-^ s^ aeratio'^ r^ 
The above mentionea parameter was again ploted before 
and after additic- of o-aoaj-n (figure 13). It was observed 
that tne potential of the merrbrane increased after addition 
of ouabain. However, thj-s increase ^n potential rjfter 
ouaoam was more at lower concentration of electrolytes tnan 
at higner concentration. In fact, rise of potential after 
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Table 5 
Total transport number (T ), Active transport number (Ta ) and 
app "^  app 
Passive transport number (Tp ) derived from the observed 
app 
membrane potentials for KCl at various concentrations of 
electrolyte at fixed (C /C = 10) for pericardium 
S.No. 
1 . 
2. 
3. 
4. 
5. 
6. 
7. 
Electrolyte 
concentrations 
(mole/litre) 
i/1x10~ 'M 
-1 -2 
5x10 /5x10 M 
-1 _? 
2<'3 /2'1C V 
-1 -2 
1A10 /1X10 M 
2x10~~ /Z'^ O""'',' 
-2 -3 1x10 /2x10 f/ 
Total 
at 
transport 
number 
(T ) 
app 
.412 
.378 
.344 
.309 
.265 
.258 
.246 
25 'C 
A : t ive 
transport 
n 
( 
irnber 
Ta ) 
app 
.026 
.042 
.052 
.058 
.072 
.110 
.124 
Passive 
transport 
number 
(Tp ) 
app 
. 3S5 
.336 
.2S-2 
.251 
.153 
. 14S 
.122 
Ratio 
Ta :Tp 
app app 
1 : 14.84 
1 : 8 
1 : 5.61 
1 : 4.32 
1 • 2.66 
1 : 1.34 
1 : .98 
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Table 6 
Total transport number (T ), Active transport number (Ta ) and 
app *^ app 
Passive transport number (Tp ) derived from the observed 
app 
membrane potentials for NaCl at various concentrations of 
electrolyte at fixed (C /C = 10) for pericardium 
at 25°C 
S.No. Electrolyte Total Active F'assive 
concentrations transport transport transport 
C /C^ number pjmben number 
(mole/litre) (T ) (Fa ) (Tp ) 
app app app 
Ratio 
Ta :Tp 
app app 
6. 
7. 
1/1x10 M 
-1 -2 
5x10 /5x10 M 
-2 
'2x10 V 
1x10 /1x10 M 
-5 -3 
:x"c ~/5xio M 
2x10 ^/2x10 '^M 
1x 
-2 -3 
10 /2x10 N 
.375 
.326 
.276 
.225 
.166 
.148 
.140 
.015 
.033 
.059 
.087 
.^10 
.135 
.137 
.360 
.293 
o-i 7 
,138 
'^ 56 
.013 
.003 
1 
1 
-y 
1 
1 
1 
-
24 .00 
8 .87 
: 3 .67 
: 1.58 
: .50 
: 0 . 096 
.021 
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ouabain gradually become lower and lower with increase in 
concentration of electrolyte, and a linear plateau was 
obtained. This is well understood m the sense that the 
blockage of active sites causes the rise m membrane 
potential. Therefore, the active sites are directly 
proportional to the rise in membrane potential. Because of 
the fact that at lower concentration of electrolyte active 
sites are more while at higher concentration of electrolyte 
active sites are less, we observed more rise m potential at 
lower concentration of electrolyte and less rise m 
potential at higher concentration of electrolyte. 
Since the ouabain inhibits tne active Na /K transport, 
therefore, the membrane potential developed in presence of 
1X10 M ouabain yields passive transport '^"^ ano^  " 
Substraction of passive transport from the total transport 
(T ) yields active cransoort (Ta ). T ), Tp and 
app ^ - app app ^app 
Ta for uni-univalent electrolvtes (e.g. KCl; NaCl.) are app ^ ^ ^ 
listed m table (5-6). Table (5-6) and figures (14,15) show 
the relation between active and passive transport at 
+ + different concentration of Na and K ions. 
The total transport was initially determined for the 
membrane which included (active -*- passive) transport. Then 
ouabain m the coi^centration of IXIO iM was added to tr.e 
solution to blocK active transport, and the potential 
developed after addition of ouabain was again noted. Tre 
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potential generated after blockage of active transport 
increases greatly, signifying adecrease m transport through 
membrane becasue of blockage of active sites. The 
difference of the two readings was the active transport. It 
was found that active transport constituted only about 3-5% 
of the total transport. Thus withiTl biological membrane 
the major transport mecnanism is passive transport. That 
may be the explanation for the fact that the laws of 
irreversible thermodynamics developed by kobatake and others 
are equally applicable to the biological systems. Yet the 
active transport should have a highly modulating influence 
on transport across biological membrane to be able to main-
tain the milieu interior suited to the changing requirements 
of the living tissues. 
Figures (14-15) also show that witn increase m 
concentration of electrolyte after ouabain, the total 
transport ^r^creases with increase in concentration of 
electrolyte. However this increase is mainly because of 
increase m passive tr sport as the active transport was' 
found to decrease with increase m concentration of 
electrolyte. If there were fixed numbers of active and 
passive sites, then after blockage of active sites total 
transport would nave decreased. But in the present 
experiment ^e find that the total transport increases \.'ith 
j-ncrease m electrolyte concentration C . This is possible 
oiily passive sites have taken the place of active sit^es. In 
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Fig-15 : Plots of total,active and passive transport numbers 
against molar concentration of electrolyte (C2) for 
NaCl with pericardial membrane. 
other words the active sites have become passive sites, 
thereby, that active and passive sites are noz fixed 
moieties but are inter-changable under varying environmental 
conditions. This mrer-changability may be affected by many 
factors, one of them being the concentration of electrolyte 
bathing the membrane. This verifies the hypothesis proposed 
m Arif et al. 1125-129), where they have commented that 
accive and passive sites are not fixed bat are 
interconvertible 
The results of this study demonstrate that transport 
process is a complex phenomenon which is affected by a 
number of factors. These include the ratio of active and 
passive sites, the conductivity fluid bathing the two sites, 
of membrane, thickness of the membrane, the chemical 
composition of the membrane and Clnumber of other factors 
wnxch may oe identified later on. The bulk of the transport 
mechanism even m- living tissues is passive transport to 
suit the requirements of the living organisms. The function 
of active transport may be stimulatory or inhibitory on any 
particular electrolyte system. The results of the present 
study show that m case of NaCl and XCl action of active 
transport is to facilitate the movement of an ion. These 
aspects deserve m depth exploration, and such studies will 
E>e of great clinical significance and will open new 
dimensions and new directions of research m this very 
interesting field of adjustment of milieu interior through 
the agency of biological membranes to suit the requirements 
of living organisms. 
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